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Purpose
The purpose of this pilot study was to examine the feasibility and preliminary efficacy of an age-specific diabetes prevention program in young adults with prediabetes.
Methods
A one-group pretest-posttest design was used. The inclusion criteria were age 18 to 29 years and the presence of prediabetes (either impaired fasting glucose of 100-125 mg/dL [5.55-6 .94 mmol/L] or A1C of 5.7%-6.4%). Fifteen participants were enrolled in the study. A technology-based lifestyle coaching program focused on diet and physical activity and incorporating a handheld device and digital platforms was developed and tested. Psychosocial factors (health literacy, illness perception, self-efficacy, therapeutic efficacy) based on social cognitive theory, changes in diet and physical activity, and cardiometabolic risk factors were assessed at baseline and week 12 after the intervention. A paired-samples t test was performed to examine changes between baseline and postintervention on each psychosocial and physical variable. the intervention (mean score, 4.15 on a 5-point, Likerttype scale). Between pre-and posttesting, mean body mass index and mean A1C decreased from 41.0 ± 7.3 kg/m 2 and 6.0 ± 0.5% to 40.1 ± 7.0 kg/m 2 and 5.6 ± 0.5%, respectively, whereas mean fasting glucose did not significantly change (from 92.6 ± 11 to 97.6 ± 14.3 mg/dL [5.14 ± 0.61 to 5.42 ± 0.79 mmol/L]).
Conclusions
The intervention resulted in reduced A1C and a trend toward decreased body mass index in obese sedentary young adults with prediabetes after 12 weeks. Further study through a randomized clinical trial with a longer intervention period is warranted.
T he prevalence of type 2 diabetes (T2D) in younger populations is increasing, which is a major public health concern. 1-3 The obesity epidemic and increasing prevalence of physical inactivity contribute to this trend. 4, 5 A study using the National Health and Nutrition Examination Survey 2003-2004 found that about 19.1% of men and 9.8% of women ages 20 to 29 years have prediabetes, defined as impaired fasting glucose and/or impaired glucose tolerance. 6 Our preliminary study revealed that about 30% of overweight and obese sedentary young adults ages 18 to 29 years had prediabetes, defined by fasting glucose or A1C test. 7 When persons with prediabetes do not take appropriate preventive actions, 25% to 40% of them develop T2D in 5 years. 8 This evidence has prompted more research on diabetes prevention for young adults, an age group that has been understudied in the past. 2, 7, 9 The Diabetes Prevention Program (DPP) study, a milestone study in diabetes care, demonstrated the success of diabetes prevention through moderate weight loss (a 5%-7% loss of body weight) with dietary changes (less fat, fewer calories) and increased physical activity (150 min/wk). 5 There was a 58% reduction of T2D incidence in adults with prediabetes during a 3-year followup. 5 However, the participants in the DPP study were middle-aged (mean age, 50.6 years) individuals with prediabetes who were moderately obese (mean body mass index, 34.0 ± 6.7 kg/m 2 ) and had both impaired fasting glucose (mean, 106.5 ± 8.3 mg/dL [5.92 ± 0.46 mmol/L]) and impaired glucose tolerance (mean, 164.6 ± 17.0 mg/dL [9.14 ± 0.94 mmol/L]). 5, 10 It is unclear whether the DPP study's approach is generalizable and appropriate for a younger population.
Young adults with prediabetes may have different characteristics with regard to age, disease perception and progression, obesity conditions, and lifestyle habits. 7, 11, 12 They also have different communication and interaction channels through digital platforms (eg, smart phones, apps, e-learning environments) and handheld devices. [13] [14] [15] Therefore, there is a pressing need to develop a diabetes prevention program for this age group with a different empirical basis for the design using such technology. However, intervention studies using digital platforms and handheld devices for weight management or diabetes prevention in young adults are very rare. 15 This study, incorporating digital platforms (mobile applications, online activities), phone counseling, and a handheld device, was developed to reduce this scientific gap. A previous mixed-methods study (phase 1) using focus group interviews and a cross-sectional survey in overweight and obese young adults ages 18 to 29 years provided the basis for the intervention. 7, 16, 17 The purpose of this pilot study was to examine the feasibility and preliminary efficacy of an age-specific diabetes prevention program to inform a larger randomized trial to be conducted in the future. The primary specific aims were to examine (1) participants' satisfaction with the program, (2) psychosocial variable changes (health literacy, illness perception, self-efficacy, therapeutic efficacy), and (3) behavioral changes (dietary habits and physical activity) over a 12-week period. Unlike the DPP study, weight loss was not a primary focus of the intervention or an outcome. However, it was included in the variables for a secondary aim, along with changes in other cardiometabolic risk factors (weight, A1C, fasting glucose, blood pressure, and lipid levels) over that time period. Also, we examined attrition rate during the intervention period to determine the feasibility of implementation of this intervention on a larger scale.
Methods

Study Design
A pilot intervention using a one-group, pretest-posttest design was conducted to explore the feasibility of the developed diabetes prevention program for young adults and to obtain lessons to guide the planning of a full-scale study.
Participants and Setting
Fifteen participants were enrolled in this study. Fourteen participants were recruited from the phase 1 study, which assessed the characteristics of young adults with prediabetes 1 year previously, 7 and 1 participant was newly recruited. The inclusion criteria of this pilot intervention (phase 2 study) were age 18 to 29 years and the presence of prediabetes (either impaired fasting glucose of 100-125 mg/dL [5.55-6.94 mmol/L] or A1C of 5.7%-6.4%). Young adults diagnosed with diabetes, cardiovascular diseases, serious illnesses, unstable conditions requiring physiciansupervised dietary and exercise regimens, and conditions affecting erythrocyte turnover (eg, hemolysis, blood loss), and who were pregnant, were excluded.
Overview of Intervention for Young Adults With Prediabetes
Social cognitive theory and the American Association of Diabetes Educators' AADE7 Self-Care Behaviors framework (healthy eating, being active, monitoring, taking medication, problem solving, healthy coping, and reducing risk) provided a theoretical framework for the 12-week intervention. 8, 18 According to social cognitive theory, psychosocial factors such as self-efficacy play a major role in improving behavioral outcomes. 19 Persons with better behavioral outcomes have improved cardiometabolic health (see Figure 1 ). However, each individual has different baselines in knowledge, confidence, skills, facilitators and barriers, and current health behaviors. Thus, a tailored support program with agreed-upon behavioral goals is highly recommended to help individuals with prediabetes maximize their self-care confidence and skills to achieve a healthy lifestyle, which requires consistent effort and long-term commitment. 8, 20, 21 Before the intervention, a detailed protocol for the study, including recruitment, retention, data collection, and the intervention, were developed by research team (a PhD nurse with a CDE credential, an undergraduate, a graduate student in public health, and nurse practitioner students with RN and RD licenses), along with all other forms, materials, and activities for the intervention. Education content and delivery mechanisms were developed on the basis of our phase 1 study activities and previous research. 7, 16, 22 During focus group interviews in phase 1, the research team learned that people in this age group consistently have their own handheld devices (eg, smart phones) and used the latest digital platforms (eg, apps) to manage their busy lives. Thus, the main goal of this pilot intervention was to examine the feasibility of a technologybased diabetes prevention program for young adults who use digital technology on a daily basis. [13] [14] [15] Because previous studies reported very high attrition rates during 12-to 16-week interventions in this age group, [23] [24] [25] this intervention was designed to minimize inperson didactic education and maximize the use of Webbased platforms, mobile applications, and e-mail and phone communication. There was one required 2-hour in-person orientation session for participants and weekly 5-to 20-minute phone counseling sessions. The purpose of the phone counseling sessions was to progress with behavioral goals submitted online and review case study activities participants completed online every other week.
In-person orientation. During the in-person orientation, participants viewed free mobile applications to input daily physical activity and food intake to assist them with improving self-efficacy and self-monitoring skills with regard to healthy eating and physical activity. Also, participants received a packet that included their individual health summaries (dietary quality score and nutrient components consumed, physical activity level, and cardiometabolic risk, all from the phase 1 study and/or pretesting), the project overview, and education materials. Additionally, participants were given an iPod Touch (Apple Computer, Cupertino, California) at the orientation to use during the study, or they signed a waiver to receive a $200 honorarium after the study ended if they chose to use their own devices. All participants received $70 in appreciation for their participation at the posttesting.
The orientation started with a brief introduction to the study and participants' responsibilities for the 12-week intervention period. The rest of the orientation consisted of 3 parts presented in lecture, demonstration, and discussion format. Part 1 introduced the project Web site, weekly case study or behavioral goal-setting activity, and mobile applications useful for self-monitoring. Part 2 addressed healthy eating tips, portion size estimation, food label reading, and mobile applications useful for dietary changes. Part 3 covered exercise tips and demonstrations and mobile applications useful for physical activity. All participants were encouraged to record their daily dietary and exercise habits in a wellness mobile application, introduced in part 2.
The research team then counseled the participants on how to interpret the results of their health summary sheets and asked them to select priority health areas they desired to improve. Participants were assisted to set overall behavioral goals they wanted to achieve by the end of the 12 weeks and their first biweekly SMART (Specific, Measurable, Attainable, Relevant, Time-bound) objective (to be achieved in the next 2 weeks). The research team reviewed participants' goals and SMART objectives and helped them strengthen their goals and SMART objectives as needed.
Weekly intervention using digital platforms and a handheld device. After the orientation, the primary contact person for participants was an undergraduate student on the research team. Before a call, she reviewed weekly dietary and exercise habits and biweekly assignments (case study or SMART objective) from the Web-based platform, which were reported by each participant via handheld device and/or Web site log-in. A script was used to initiate the counseling session and discuss the past week's dietary and exercise behaviors on the basis of selfreported data by digital platforms, as well as potential problem-solving strategies to overcome barriers confronted. When the primary interventionist identified issues beyond her capability during weekly phone consultations (ie, advanced dietary advice, exercise tips), she referred the participants to a graduate research assistant with more expertise. Each contact was recorded in the e-worksheet to facilitate research team communication. This e-worksheet recorded issues raised in the phone sessions, tips provided, and the amount of contact time for all participant-research team contact. Before making each call, research staff members were able to consult the e-worksheet to prepare for individualized phone counsel. These phone calls were made at an agreed-upon time between the participant and research staff (most young adults wanted the calls to take place in the evening or on weekends). The principal investigator (PI) reviewed phone counseling e-worksheets to monitor intervention fidelity and to provide timely feedback on the intervention content and messages needing to be stressed to participants by the research team.
Interventionist Qualifications
A team approach (trained undergraduate and graduate students) was used to deliver the intervention. On the basis of the feedback from focus group interviews, all interventionists chosen were young adults with similar characteristics as the study participants. The graduatelevel exercise interventionist, for example, was a certified personal trainer who had a similar body size to participants, while the diet interventionist was selected because of her student status and RD certification. The undergraduate student, well versed in the challenges of campus life and staying healthy on campus with busy social and academic schedules, was an ideal candidate for the primary contact person to motivate and assist participants throughout the duration of the intervention. Training in the details of the intervention content and approach was conducted with retraining as necessary on the basis of the PI's review on the e-worksheets.
Variables and Measures
All variables except sociodemographic and feedback questionnaires were assessed as pre-and posttest measures.
The sociodemographic questionnaire was collected at baseline. Feedback questionnaires were collected directly after the in-person group orientation and at intervention completion (after 12 weeks).
Sociodemographics.
The PI developed a sociodemographic questionnaire. Age, race/ethnicity, health insurance status, and years of education were measured. A self-reported item ("How often do you use the food label when making a food selection?") was also included to assess food label reading behavior on a 5-point, Likerttype scale ranging from "never" (1) to "always" (5) .
Prediabetes perceptions. Individuals' perceptions of their prediabetes across 8 domains (identity, consequence, timeline, timeline cyclical, personal control, treatment control, emotional representations, and illness coherence) were assessed using a valid and reliable 9-item scale (1 item from each domain and 1 item for cause attribution), the Brief Illness Perception Questionnaire. The psychometric properties of this scale were evaluated. 26 Health literacy. Participants' health literacy for reading food labels on an ice cream container was assessed with a subscale of the 6-item Newest Vital Sign Scale (α = .76). 27 This scale is widely used for assessing prose literacy, numeracy, and document literacy. Weiss et al 27 proposed a score of 4 as the cutoff for health literacy. Persons with scores ≥ 4 have very low likelihood of having healthy illiteracy, whereas those with scores < 4 may have limited or poor health literacy. 27 In the previous research using phase 1 study data (n = 103), we used another scoring in the target population (overweight and obese young adults ages 18-29 years). Three categories (high [5 and 6] , medium [3 and 4] , and low [0-2]) can be defined on the basis of the obtained scores. The reported Cronbach α coefficient for the young adults ages 18 to 29 years was .72. 16 Self-efficacy. Two types of self-efficacy (physical activity self-efficacy and eating behavior self-efficacy) were assessed in this pilot intervention study. Physical activity self-efficacy consists of 2 subscales measuring task physical activity self-efficacy and barrier physical activity self-efficacy. With the developer's permission, one item was deleted from the barrier physical activity self-efficacy subscale because of the difference in populations (cancer survivors vs a healthy population). The deleted item asked about participants' confidence in doing physical activity when they were nauseated. Therefore, only 12 items remained for our study. The reported Cronbach α coefficients of the original scales were .95 for the barrier subscale (9 items) and .92 for task subscale (4 items). 28 In the phase 1 study, the Cronbach α coefficient was .86 (n = 106).
Eating behavior self-efficacy was measured with the 20-item Weight Efficacy Lifestyle Questionnaire (α = .70-.90). 29 The scale consists of 5 subscales, negative emotion, availability, social pressure, physical discomfort, and positive activity, which assess confidence in resisting eating in various situations. Each subscale includes 4 items.
Therapeutic efficacy. Young adults' outcome expectancy to prevent diabetes with lifestyle modifications was assessed with the 10-item Perceived Therapeutic Efficacy Scale (α = .93-.94). 30 A sample item from the scale asks about a young adult's "level of confidence in the ability of changes of lifestyle (diet, physical activity) to control my prediabetes." Options ranged from "no confidence" (1) to "highest confidence" (10).
Dietary behavior.
The self-reported 152-item Youth/ Adolescent Food Frequency Questionnaire, which is a youth version of the food frequency questionnaire in the Nurses' Health Study (the Willet food frequency questionnaire), was used. 31, 32 On the basis of participants' responses, the amount of each nutrient component (eg, dietary fiber [g], added sugar [g]) along with calories, sources of calories (eg, carbohydrate, protein, fat), and serving sizes were recalculated. Then the values were compared with the 2010 Dietary Guidelines for Americans. 33 More detailed information was presented in another publication. 16 Physical activity. The 7-item Modifiable Activity Questionnaire (MAQ), the primary questionnaire in the original DPP, was used to assess physical activity. 34 Because the Modifiable Activity Questionnaire is an interviewer-administered questionnaire, the PI assessed leisure activity, occupational activity, and inactivity in the past year and past week using this scale. Then, reported activity was calculated as METs-hour per week to assess the overall amount of physical activity. 35 Feedback. Orientation and 12-week intervention feedback was assessed with semistructured questionnaires. In the orientation feedback questionnaire, participants were asked about their accessibility to and use of technology (a computer with Internet access, e-mail, Wi-Fi, smart phones), familiarity with health-related mobile applications, and overall thoughts about orientation content and quality. The feedback questionnaire on the 12-week intervention asked about participants' overall experience with the intervention and interventionists, use and frequency of use of the mobile applications discussed during the orientation, satisfaction with aspects of the intervention (homework assignments, case studies, SMART goal formation), application of knowledge gained from the orientation, and advice for future directions. Multiple-choice, short-answer, and open-ended questions were included in the questionnaires.
Clinical outcomes. Cardiometabolic risk factors were assessed with anthropometric assessments and blood tests. A trained research nurse measured weight, height, blood pressure, and waist circumference in a university hospital clinical research site on the basis of the predetermined protocol. Then, body mass index (kg/m 2 ) was calculated with the obtained weight and height. Fasting blood glucose, A1C, insulin, C-reactive protein, and lipids were assessed using a blood sample collected from the antecubital vein after at least 8 hours of fasting.
Data Analysis
Of 15 participants, 2 (1 pregnant woman and 1 man lost to attrition) were excluded from the data analysis. A paired-samples t test was performed to examine changes between baseline and postintervention on each psychosocial variable and physical marker. Because of the small sample size, the magnitudes of effect were estimated in addition to statistical significance.
Results
Sociodemographics
The majority of participants were women (76.9% [n = 10]) and African Americans (53.8% [n = 7]). All participants learned their prediabetes status either when they participated in a diabetes screening test in the past year or in the current year (pretesting). All participants had their own cellular phones and access to computers with Internet access. Of 13 participants, 84.6% (n = 11) had smart phones and Wi-Fi access at home. With regard to comorbid conditions, more than half of participants had elevated blood pressure and/or dyslipidemia (see Table 1 ).
Participant Satisfaction With Orientation and Overall Intervention
Overall, the intervention was well received by participants. Table 2 shows the details regarding the responses of the participants. On a 5-point satisfaction scale, participants gave the overall intervention a 4.15. The participants emphasized the support team and the phone counseling (46.2%) as the best aspects of the intervention experience, while the case studies were least helpful. They also reported many other benefits from applying knowledge learned during the intervention. About 92% of participants reported that portion size was decreased during the intervention period, and 69.2% of participants felt increases in their energy levels. With regard to lifestyle changes, the participants reported that increasing physical activity was most difficult, while eating right was easiest (see Table 2 ).
Psychological Factor Changes
Over 12 weeks, there was a significant decrease in health literacy on food label use. However, the participants reported that they had a significantly better understanding of their prediabetes (therapeutic efficacy). They were significantly more confident in their ability to resist eating, although they were experiencing significantly more negative emotions. The participants were more confident in performing physical activity, even amid barriers and challenges. Their task physical activity selfefficacy (eg, brisk walking for 20 minutes without stopping) was also increased. However, there was no significant difference between pre-and posttesting with regard to therapeutic efficacy (see Table 3 ). Table 4 shows the behavioral changes over 12 weeks. Food label use behaviors were improved over 12 weeks. The average amount of physical activity at 12 weeks was 37.34 METs-hour per week, a 2.66-fold increase compared with the pretest measure (large effect size, Cohen's d = 0.80). Also, participants adopted better dietary habits over the 12-week intervention period: carbohydrate, trans fat, saturated fat, sodium, and added sugar intake decreased, and protein, dietary fiber, and vegetable consumption increased. Other changes in dietary habits were also reported: cholesterol consumption was increased and calcium intake was reduced (see Table 4 ).
Behavioral Changes
Cardiometabolic Risk Changes
There were significant decreases in body mass index, weight, and A1C. There were no statistically significant differences in participants' fasting glucose. After 12 weeks, 1 participant actually developed asymptomatic diabetes (fasting glucose = 140 mg/dL [7. 78 mmol/L], A1C = 7.0%), while 5 young adults reverted back to euglycemia (fasting glucose < 100 mg/dL [5.55 mg/dL], A1C < 5.7%). Systolic blood pressure marginally decreased (P = .052), but no significant difference was identified in diastolic blood pressure. Overall, no statistical difference was identified for lipids, although the numbers increased, especially triglycerides. Table 5 shows the details of the cardiometabolic changes over 12 weeks. 
Discussion
Prediabetes is a state of higher than normal blood glucose level without symptoms that is a starting point for tissue damage and cardiovascular complications. 8, 36, 37 Fortunately, this precursor condition of T2D can be reversed with an appropriate intervention in many people. 8, 38 Therefore, it is important to inform young adults with prediabetes of their T2D risk and refer them to primary care providers or effective ongoing support programs. 21, 39 There is a consensus that early detection and prevention targeting young adults with prediabetes, especially minority populations, are urgent and significant. 1, 2, 40 Young adults do not reap the benefits from the advanced science of diabetes care, because they often perceive themselves as being healthy and therefore rarely see doctors. 41 Also, health care professionals often advise these patients with prediabetes to "just to do annual checks" or assure them that there is "nothing to worry about." 42, 43 Therefore, there is a need for an effective diabetes prevention program using adult learning theory and other appropriate strategies targeted to this age group. The incorporation of strategies to promote behavioral changes (being active, eating right) and modify lifestyles to ultimately prevent or manage young adults' prediabetes is essential. 8, 44 The present study contributes evidence toward this type of intervention.
This intervention showed great potential to prevent T2D in young adults with prediabetes. Overall, participants were satisfied with the education content and contact with the research team. The retention rate over the 12-week intervention period was 86.7%, which is very high in this age group compared with other studies. 23, 24 A previously conducted 12-week intervention showed a 42.9% attrition rate, while a much shorter intervention lasting 4 weeks had a 15.8% attrition rate after the randomization. Weekly contact served as motivation and triggers, which are 2 important factors to produce a target The tolerable upper intake level is 2300 mg/d; 1500 mg/d is adequate intake for individuals ages 9 years and older. d American Heart Association recommendation for added sugar. 31 behavior. 44 Also, this contact provided participants with practical tips and feedback on the basis of reviews of their current behaviors, which facilitated behavior change. 44 Changes in behavioral and clinical outcomes were very promising. Several psychological factors (eg, prediabetes perception, self-efficacy) were improved. Positive changes in psychological factors generated healthier lifestyles, which eventually produced clinical outcome improvements, such as reductions in A1C and weight (Figure 1 ). However, as previously discussed, clinical outcomes (A1C and weight loss) were secondary aims, and behavior change was prioritized in the present study. After the 12-week behavioral intervention, participants were more physically active, and their dietary habits were healthier. Participants consumed fewer calories, fewer carbohydrates, and less saturated fat, trans fat, sodium, and added sugar while they consumed more protein and vegetables. Although the participants reported lower consumption of dietary fiber, calcium, and fruit and higher consumption of cholesterol, the findings should be cautiously interpreted for the following reasons. First, total grams of dietary fiber were decreased, but total calorie intake was also decreased. That is, the ratio of fiber to total calories was increased. Second, decreased calcium intake may be related to the reduction of overall dairy intake (cheese, whole milk, etc), which was replaced with vegetables and nuts. Because calcium intake with vitamin D 8,45 is important to prevent T2D, adequate replacement (eg, whole milk to 1% milk) and calcium supplement intakes need to be emphasized in future interventions. 6, 44 Next, the decrease in fruit consumption among the participants may be related to our education emphasis. Because all our participants were obese, we stressed being careful when selecting the "right" beverage in the orientation. Because fruit juice includes dense calories in relatively small amounts, we encouraged the participants to eat raw fruits instead of drinking fruit juice. Also, we emphasized food diversity and vegetable consumptions rather than fruit and vegetable consumption itself, because those are the areas to focus on in nutrition education in overweight and obese young adults, according to our phase 1 study results. Finally, cholesterol consumption slightly increased, but not statistically significantly. The increased intake was still in the recommended ranges (<300 mg for cholesterol), and changes in serum cholesterol level were negligible (see Table 5 ). Although Hebden et al 15 reported a body mass index reduction from 27.3 to 26.7 kg/m 2 in an intervention using mHealth in young adults, the reduction in body mass index in the present study was larger (from 41.0 to 40.1 kg/m 2 ). Also, A1C (from 6.0% to 5.6%) and systolic blood pressure (from 124.9 to 117.5 mm Hg) decreased, although fasting glucose was not improved (see Table 5 ), similar to the finding of a previous study. 46 These, in fact, were interesting differences between the original DPP trial and the present study. 5 In the DPP study, fasting glucose was decreased from 106 to 102 mg/dL (5.88-5.66 mmol/L), while A1C was very marginally decreased from 5.91% to 5.81% during the 6 months in the lifestyle group. 5 Potential reasons for these differences may be differences in sociodemographics and current lifestyle factors (eg, physical activity level). 7 A future study with a larger sample and a longer intervention period is required to provide more effective answers regarding these differences.
The major weaknesses of this study were the limited number of participants, the short intervention period, and the quasi-experimental study design to examine actual intervention effects. However, the study provided us with information on feasibility, effect size, and how to modify the diabetes prevention program for young adults to be more effective and acceptable in a larger clinical trial. Therefore, this pilot study is an excellent starting point for the development of a full-scale study of a diabetes prevention program for young adults with prediabetes in the future.
Conclusions
In general, young adults with prediabetes had favorable experiences with our intervention, and implementing this intervention to promote T2D prevention and management in this population is very feasible. The participants reported that the intervention was practical and helpful in motivating them to make behavioral changes. In particular, they liked being able to access the research team by phone and became very comfortable seeking advice, practical tips, and answers to their questions. From our perspective, we have gained insights regarding accessing and recruiting at-risk young adults, important programmatic focuses, and intervention delivery methods that can be refined in the future to help young adults with prediabetes improve their healthy lifestyle habits and reduce the overall burden of T2D.
